Abstract: Replacement of native deciduous forests by coniferous stands was a common result of former European afforestation policies and paradigms of forest management and led to considerable ecological consequences. Therefore, the most popular management strategy nowadays in multi-functional forestry is the re-establishment of mixed or broadleaved forests with native species on suitable habitats. However, our knowledge about the effects of tree species introduced into coniferous monocultures on soil mesofauna communities is scarce. We investigated abundance, species richness and diversity of Mesostigmata mite communities in decomposed litter of seven broadleaved (Acer platanoides L., A. pseudoplatanus L., Carpinus betulus L., Fagus sylvatica L., Tilia cordata Mill., Quercus robur L., Q. rubra L.) and four coniferous (Abies alba Mill., Larix decidua Mill., Picea abies [L.] Karst., Pinus sylvestris L.) species. We collected 297 litterbags after 6, 12 and 18 months of exposition in Scots pine (Pinus sylvestris) monocultures in Siemianice Experimental Forest (SW Poland). Generally, species richness and diversity in litter samples were much lower than in the soil mite pool. The highest abundance was found in P. sylvestris and A. alba litter, while the lowest was found in A. platanoides. The most abundant families were Zerconidae, Parasitidae, Veigaiidae, and Trachytidae. Our study revealed that neither species richness nor diversity were affected, but that mite abundance was affected, by the tree species (litter quality). The mite communities were similarly comprised in both high-and low-quality litter and mite abundance decreased during the decomposition process in nutrient-poor Scots pine forests. Moreover, few mite species benefited from the decomposed litter. Additionally, a litter of various tree species was inhabited mainly by eu-and hemiedaphic mite species. Mite assemblages in A. alba, P. sylvestris, and Q. robur litter had higher abundances. Exposition time seems to be an important driver in shaping the mite community during the early stages of litter decomposition.
Introduction
In recent centuries, almost all European forest ecosystems have been altered by forest management of varying intensities [1] . Forest management has replaced natural broadleaved forests with coniferous monocultures, mainly due to economic benefits. However, this transformation also has negative ecological consequences, e.g., even-aged coniferous forests provide less diverse habitats for many species [2] and are susceptible to global warming [3, 4] , pests, diseases or wind-throw, and create more acidic soils [5] , which can impact the soil fauna. Therefore, to improve the resistance of the that the differences in structural compounds between the litters of coniferous and broadleaved species support different energy channels (bacterial and fungal) in the soil food web.
We hypothesized that (1) mite abundance, species richness and diversity of their communities depend on the litter quality (tree species) that is placed in nutrient-poor Scots pine forests, (2) high-quality and easily decomposable litter of various tree species affects mite communities similarly, and (3) mite abundance decreases during the decomposition process, due to low amount of available resources for their prey and changes in available niches.
Material and Methods

Study Site
The study was conducted in the Siemianice Experimental Forest near Biadaszki, SW Poland, which belongs to the Poznań University of Life Sciences. For this study we chose an experimental site with a Scots pine (Pinus sylvestris) stand established in 1974. In 1973, prior to establishment of the experiment, the soil was recognized as podsolic, sandy, and nutrient-poor, and vegetation cover was defined as Leucobryo-Pinetum [33] . The mature Scots pine (Pinus sylvestris) stand was cut, stumps and coarse roots were dug up and removed and deep ploughing was done (60-70 cm). In the spring of 1974 two-year-old Scots pine seedlings were planted in nine different spacings (3 replicates/spacing; area of each plot is 0.11 ha, 27 m × 41 m; 3.07 ha in total with buffer zone), with initial stand densities from 2500 to 20,833 trees per ha. From the onset of the experiment, no cleanings and thinnings were done, and stand density was reduced only as a result of natural mortality.
The climate of the region is transitional (between maritime and continental) with low mean annual precipitation (591 mm) and mean annual temperature of 8.2 • C [34] . During the experiment, mean monthly temperature ranged from −6.6 • C (January 2010; Table A1 For the decomposition study we chose three research stands (plots) with the same initial density (11,111 trees/ha) and covered with circa (=ca.) 35-year-old stands, to exclude the influence of initial stand density on ecosystem processes [35] [36] [37] . In the years 2002-2007, extensive data collection was done on this experimental site. Based on these data, the experimental stands used for the study (three plots) may be described as follows (means ± SE): DBH-9.4 ± 0.28 cm, tree height-12.9 ± 0.15 m, stand basal area-37.4 ± 0.90 m 2 /ha, stand density-4908 ± 399 trees/ha, litter biomass of the organic horizon-30.45 ± 2.10 Mg/ha, annual litterfall-2.89 ± 0.16 Mg/ha, pH KCl of Oll horizon-4.04 ± 0.04, pH H2O of Oll horizon-4.39 ± 0.08, pH KCl of Ol horizon-4.03 ± 0.08, pH H2O of Ol horizon-4.71 ± 0.09, pH KCl of Of horizon-3.02 ± 0.03, pH H2O of Of horizon-3.91 ± 0.06. The checklist of mites from the studied forests was presented by Skorupski et al. [38] , who recorded 28 species from the soil environment.
Soil Sampling and Litterbag Experiment Design
The experiment was conducted in three study plots (numbers: 5, 13 and 27) where Scots pine seedlings were planted with an initial spacing of 0.6 m × 1.5 m. Simultaneously with the placement of litterbags we collected 25 soil samples from each plot (75 samples in total) using a steel corer (40 cm 2 ; soil depth 5 cm), to characterize the species pool, abundance and diversity of Mesostigmata mites. The litter for the litterbag experiment was collected from plots of the common garden experiment located ca. 500 m from the Scots pine forest. The complete characteristics of the litter, which originated from the common garden experiment and was used in the present study, was described by Hobbie et al. [34] The litter included 11 tree species, consisting of seven broadleaved and four coniferous species. The broadleaved species were represented by Norway maple (Acer platanoides L.), Sycamore maple (A. pseudoplatanus L.), European hornbeam (Carpinus betulus L.), European beech (Fagus sylvatica L.) and small-leaved lime (Tilia cordata Mill.), English oak (Quercus robur L.) and invasive Northern red oak (Q. rubra L.). The coniferous species included silver fir (Abies alba Mill.), European larch (Larix ) and Scots pine (native, collected from Scots pine forest). The litter for the experiment was oven-dried at 65 • C for at least 3 days to eliminate the living animals including mites and to obtain a constant dry mass. We used this initial mass to calculate the mass loss in relation to the initial litter mass for each litterbag. The homogenous litter of each tree species was placed in nylon bags with the mesh size of 1 mm to allow free access of living animals to migrate into the sample with organic matter. The prepared litterbags (~18 × 18 cm) of 11 tree species were randomly tied to one rope (length ca. 6 m) with equal distances of 0.5 m; therefore, we set up 27 ropes with randomly distributed litterbags. Such prepared litterbags were randomly placed in the experimental Pinus sylvestris forest plots.
The experiment started on the 14th of October 2008 and lasted 18 months. Firstly, the ropes with litterbags were laid on the spacing between rows. The distance between the parallel ropes were ca. 70 cm. In total, 75 soil samples and 297 litterbags (11 tree species × 3 plots × 3 replications per plot × 3 sampling periods) were collected in our study. The litterbags overwintered and were sampled in equal numbers (99 litterbags), three times at six-month intervals, on 15 April 2009, 19 October 2009, and after the second overwintering on 16 April 2010.
Mite Extraction and Identification
Soil samples and litterbags were placed in plastic bags and transported in a portable cooler to the laboratory. Mites were extracted from samples in Tullgren funnels which is recommended for species inventory in highly organic soils such as those in the Pinus sylvestris forest floors in this study [39, 40] . Extraction started as quickly as possible, within 5 hours after sampling and lasted over a period of 7 days. Among all animals extracted, Mesostigmata mites were selected and identified to species level and developmental stages using taxonomical keys of Karg [41] , Ghilarov and Bregetova [42] and Micherdziński [43] .
Data Analysis
Mite abundances coming from the same plots, terms, and litter types were pooled to allow conclusions about diversity within sample plots. This reduced the number of replications per each variant to three but allowed conclusions about diversity of mites at the plot level. In the case of the control sample (soil mite pool), we also pooled data from 25 cores per each plot into single observations. We used them as reference values to describe succession of mites. We evaluated species richness using number of taxa recorded within the study plot, species diversity using Shannon index, and abundance per sample. All mean values are followed by the standard error (SE). To assess differentiation between soil mite communities during the experimental setup (initial species pool) we used the Bray-Curtis dissimilarity index calculated for the binary representation of species composition. For this, we used the vegdist function from the vegan package [44] .
To assess the impact of collection date, litter quality (expressed by its identity, which can be linked with measured litter traits) and its decomposition rate (k constant-calculated with use a single-exponential decomposition model proposed by Wieder and Lang [45] ) we used generalized linear mixed models (GLMM). We assumed that mite abundance and species richness have Poisson distributions while the Shannon's index has a normal distribution. As we assumed the Poisson distribution of mite abundance, we did not recalculate abundance per sample mass, as Poisson distributions assume integer values.
We evaluated random effects connected with plot identity, to exclude plot-specific factors, which could affect the results. Models were developed using the lme4 package [46] , while the statistical significance of variables was calculated using z-values implemented in the lmerTest package [47] . For all GLMMs, we evaluated the parsimony of models using Akaike's Information Criterion (AIC). We also provided AIC 0 -AIC of models with intercept and random effects only. To evaluate differences between litter origin and collection dates in the models we used Tukey posteriori tests. To assess the importance of such factors in shaping mite species communities we used Redundancy Analysis (RDA), implemented in the vegan package [44] . RDA is the method of constrained ordination of the multidimensional dataset (here-abundances of particular mite species). In contrast to unconstrained ordination, RDA also allows evaluation of the importance of environmental variables in ordered sample coordinates within reduced space of the ordination. The importance of factors was tested using permutation analysis of variance (PERMANOVA), also implemented in the vegan package [44] . Prior to analysis, we transformed species abundances using Hellinger's square root transformation. We selected variables for the final models based on AIC. Statistical analyses were conducted using R software [48] .
Results
Mite Abundance, Species Richness, and Diversity
In total, 7887 mites were identified and classified into 31 species (Table A2 in Analysis of the soil cores taken at the time the experiment began revealed that mean species richness of mites per plot was 14.7 ± 0.3, species diversity was H' = 1.950 ± 0.167 and mite abundance was 9.3 ± 2.4 ind. sample −1 . In general, species richness and diversity in litter samples were much lower than in the soil mite pool ( Figure 1 ). Mean mite abundance depended statistically significantly on collection date and litter origin (Table 1 ; AIC = 1116.7, AIC 0 = 1984.2). The highest abundance was found in the P. sylvestris and A. alba litter, while the lowest was in A. platanoides. Abundances were statistically significantly higher in April 2009 than at other collection times. Mean species richness of mites depended on collection date and decomposition constant (Table 1; RDA of soil mite communities in litterbags ( Figure 2 ) revealed that 89.8% of explained variability was connected with unconstrained factors (i.e., species composition), while constrained factors (i.e., environmental constraints and collection date) explained 10.2%. Constraining by collection date was the only factor in the most parsimonious models-litter type and decomposition constant were not included and not significant. Points representing mite communities sampled in April 2009 and 2010 RDA of soil mite communities in litterbags (Figure 2 ) revealed that 89.8% of explained variability was connected with unconstrained factors (i.e., species composition), while constrained factors (i.e., environmental constraints and collection date) explained 10.2%. Constraining by collection date was the only factor in the most parsimonious models-litter type and decomposition constant were not included and not significant. Table 2 ). Black labels indicate scores of species which occurred at least 10 times among the 16 species; names are first four letters of genera name and first four letters of the species name. 
Similarity between Litterbag and Soil Mite Pool Community
At the time of experiment setup, the soil mite community included 22 species (Appendix Table  A2 ). Analysis of community dissimilarity to the initial species pool revealed that mite communities in litter of three tree species was the most distinct from the initial soil mite pool community ( Figure  3 ): F. sylvatica, C. betulus, and L. decidua. A similar level of dissimilarity was found after six months in the case of A. platanoides. Most of the species increased their dissimilarity to the control during the experiment, but to lower degrees, reaching dissimilarity indices between 0.29 (Q. robur) and 0.46 (P. sylvestris). However, most of the species occurring in the litter studied were the same as in soil; species Table 2 ). Black labels indicate scores of species which occurred at least 10 times among the 16 species; names are first four letters of genera name and first four letters of the species name. 
At the time of experiment setup, the soil mite community included 22 species (Table A2 in Appendix A). Analysis of community dissimilarity to the initial species pool revealed that mite communities in litter of three tree species was the most distinct from the initial soil mite pool community (Figure 3 ): F. sylvatica, C. betulus, and L. decidua. A similar level of dissimilarity was found after six months in the case of A. platanoides. Most of the species increased their dissimilarity to the control during the experiment, but to lower degrees, reaching dissimilarity indices between 0.29 (Q. robur) and 0.46 (P. sylvestris). However, most of the species occurring in the litter studied were the same as in soil; species not recorded during the control were rare, and we did not identify any pattern of their richness during litter decomposition (Figure 4) . not recorded during the control were rare, and we did not identify any pattern of their richness during litter decomposition (Figure 4) . not recorded during the control were rare, and we did not identify any pattern of their richness during litter decomposition (Figure 4) . 
Litter Decomposition
Generally, tree species differed in the litter mass loss (df = 10, F = 10.3829, p < 0.0001) ( Figure 5 ). Among coniferous species the lowest litter mass loss was recorded for A. alba (21.21%) and P. abies (20.62) after 18 months, with the highest for P. sylvestris (27.31 
Discussion
Neither species richness nor diversity, but rather mite abundance, was affected by the tree species (litter quality). The mite communities were similarly comprised for both high-and lowquality litter, and the mite abundance decreased during the decomposition process in nutrient-poor Scots pine forests. Moreover, few mite species benefited from the decomposed litter.
The highest decomposition rates were recorded for broadleaved Acer platanoides (k = 0.37 per year), Q. rubra (0.31), A. pseudoplatanus (0.30), whereas the lowest were noted for coniferous A. alba (0.18), P. abies (0.20) and broadleaved F. sylvatica (0.19). Similar patterns were recorded by Hobbie et al. [34] , who proved slower decay rates for L. decidua, A. alba and F. sylvatica and higher for C. betulus, Q. rubra and Acer spp. (ca. 500 m from our study site). Our results are also partly in line with Horodecki and Jagodziński [49] and Horodecki et al. [28] , who recorded lower decomposition rates for litter of F. sylvatica and Q. rubra in Scots pine stands, but higher rates in mixed stands. Studies on Quercus prinus litter demonstrated that the leaves 'disappeared' slowly and that there was minimal faunal influence on decomposition rates [50] . On the other hand, the large increase in colonization of litterbags in the second year did not change the effect of microarthropods on decomposition rates, 
Neither species richness nor diversity, but rather mite abundance, was affected by the tree species (litter quality). The mite communities were similarly comprised for both high-and low-quality litter, and the mite abundance decreased during the decomposition process in nutrient-poor Scots pine forests. Moreover, few mite species benefited from the decomposed litter.
The highest decomposition rates were recorded for broadleaved Acer platanoides (k = 0.37 per year), Q. rubra (0.31), A. pseudoplatanus (0.30), whereas the lowest were noted for coniferous A. alba (0.18), P. abies (0.20) and broadleaved F. sylvatica (0.19). Similar patterns were recorded by Hobbie et al. [34] , who proved slower decay rates for L. decidua, A. alba and F. sylvatica and higher for C. betulus, Q. rubra and Acer spp. (ca. 500 m from our study site). Our results are also partly in line with Horodecki and Jagodziński [49] and Horodecki et al. [28] , who recorded lower decomposition rates for litter of F. sylvatica and Q. rubra in Scots pine stands, but higher rates in mixed stands. Studies on Quercus prinus litter demonstrated that the leaves 'disappeared' slowly and that there was minimal faunal influence on decomposition rates [50] . On the other hand, the large increase in colonization of litterbags in the second year did not change the effect of microarthropods on decomposition rates, which remained similar in both years [27] . The studies of Heneghan et al. [23] on the decomposition of Q. prinus indicated that microarthropod assemblages did not influence litter mass loss in temperate forest sites.
Our study indicated that the litter quality (litter origin) of various tree species affected only the mite abundances. This is in contrast to Mueller et al. [25] , who found that many environmental factors (e.g., light availability, soil properties or nutrient availability), including litter and tree species affected species richness of many invertebrate groups, and that the response of the animal group can be taxon specific. Therefore, our results can suggest that the input of the high-quality litter in the nutrient-poor Scots pine forests do not affect the species richness, and that it only support some of the mite species, that inhabit the soil for a longer time. This result is in line with studies of Gergócs and Hufnagel [32] , who indicated that litter type affects the mesofauna and microbiota abundance and the relationships between these two animal groups. Similarly, Gonzáles et al. [22] recorded three times higher mite (Oribatida) density in aspen (Populus tremuloides Michx.) than in lodgepole pine (Pinus contorta Douglas ex Loudon) litter. On the other hand, faunal abundance was not correlated with mass loss in single-species litter of Quercus serrata Murray and Pinus densiflora Sieb. et Zucc. [51] . The litter did not impact the density of microinvertebrates, macroinvertebrates, and predators in Quercus gambelli Nutt. and Cecropia scheberiana Miq. litterbags [52] . Moreover, Gergócs et al. [53] recorded similar Oribatida abundance in oak (Quercus cerris L.) and pine (P. sylvestris) litter but abundance was reduced by one third in black locust (Robinia pseudoacacia L.) litter. Differences in Mesostigmata mite abundances were also recorded between oak (Q. robur) and silver birch (Betula pendula Roth.), Scots pine (P. sylvestris) and alder (Alnus glutinosa (L.) Gaertn.) [12] . Urbanowski et al. [12] found ca. 25% higher abundance in oak litter, when compared to all other litter types. In the present study, the difference of mite abundance between oak and Scots pine litter was low (ca. 6% of the abundance in Scots pine litter), which may indicate that high-quality litter similarly affects mite assemblages as 'native' litter in coniferous monocultures.
Our study revealed that the mean species richness and diversity did not depend on litter quality. Similar results were obtained for Oribatida by Gergócs et al. [53] , who indicated that oak (Q. cerris) and pine (P. sylvestris) litter are equally favorable for mites, but both differed from black locust (R. pseudoacacia). We have not analyzed R. pseudoacacia litter; however, other tree species that were used in the present study had similar characteristic (e.g., Q. robur, C. betulus or T. cordata) and mite species richness did not differ. It is difficult to discuss the species richness of Mesostigmata, because only a few studies have focused on these animals in decomposed litter in litterbags. Previous studies, conducted in reclaimed spoil heap and adjacent forest habitats, indicated that species richness was higher in forest habitats, compared to spoil heap [12] . Moreover, litter type impacts on species richness were found, with significantly higher species richness recorded from oak litter, lower richness from pine and alder and the lowest from silver birch. In contrast, species richness did not differ between oak and pine litter in the present study.
Although the relationships between the litter decomposition and soil microarthropods have been widely studied [54] , little is known about the changes in Mesostigmata mite communities in the short term. Repeated measurements of litter mass loss and fauna extraction allow checking whether the changes in species number and abundance in decomposed litter is successional, as has been proposed by Usher [55] , seasonal or driven by abiotic factors [24] . Interestingly, our study revealed that the mean species richness in the 'soil mite pool' was higher than in the decomposed litter, regardless of tree species. We found that five mite species, i.e., Paragamasus jugincola, P. runcatellus, Z. peltatus, Rhodacarus coronatus, and V. nemorensis, reached high proportional abundances, which may indicate that only some species among the 'soil mite pool' benefit from the litter in early stages of decomposition. Some of them, such as Zerconidae or Veigaiidae, represent the K-selected traits with slow development and low dispersal, which are associated with forests [56] . This is in line with Urbanowski et al. [12] , who reported a high proportional abundance of Z. peltatus within six months in a silver birch forest. Our study indicated that the same mite species dominated the mite community in the litterbags in pooled data; however, their abundance changed slightly. For instance, the nematophagous Z. peltatus, which occupied the soil in modest numbers (10% of mites), dominated in the litter (42%). Interestingly, the density of this species peaked at 62% in April 2009. This may suggest the pattern of mite community succession in nutrient-poor Scots pine forests, associated with the availability of nematodes or springtails. These animals are a food source for predatory Mesostigmata [15, 57] . This can be explained by the high density of nematophagous Z. peltatus [58] . In the present study, the total mite abundance rapidly decreased with sampling dates, especially from April to October 2009, indicating that the availability of the niches changed during the decomposition process. The limiting effect of forest floor litter on soil mites may be determined not by the volume, but rather the quality of food and habitat source [59] , and by the fact that plant material of high quality, such as used in our study, is immediately decomposed and utilized by soil fauna. This result is supported by the RDA analysis that revealed the differences between the mite communities in April 2009 and both October 2009 and April 2010 (Figure 2 ). Our study also indicated the importance of time in the early stages of litter decomposition for mite abundance.
Conclusions
Our study indicated that neither species richness nor diversity, but rather the abundance of Mesostigmata mites, was affected by the litter quality added to nutrient-poor Scots pine forests. Moreover, only some species from the 'soil mite pool' colonized the litter, regardless of its quality, and the abundance of few taxa increased rapidly after six months of decomposition. Additionally, litter of various tree species was inhabited mainly by eu-and hemiedaphic mite species. Mite assemblages in A. alba, P. sylvestris, and Q. robur litter had higher abundances. Exposition time seems to be an important driver in shaping the mite community during the early stages of litter decomposition. The impact of the tree species on Mesostigmata species richness and biodiversity depend on many environmental predictors, which are associated with the certain tree species [25] . Our result also highlights the crucial role of tree species and its' environment for the soil fauna, although in early stages of decomposition the changes are reflected in the abundance. This highlights the residence times of broadleaved trees in forest ecosystem, which allow development of their own soil fauna communities. For that reason, broadleaved admixtures in coniferous monocultures are especially important in shaping soil mite biodiversity. Table A2 . Checklist of mite species recorded from soil samples and litterbags with leaf litter of 11 tree species in Scots pine forests. Symbols indicate: "+"-abundance 1-9 ind., "++"-10-99 ind., "+++"->100 ind. (number of individuals in litterbags were summed from three dates of mite collection). Hypoaspis praesternalis Willmann, 1949 -
Appendix A
No
Hypoaspis procera Karg 1965 -
Hypoaspis vacua (Michael, 1891) -
Laelapsis astronomica (Koch, 1839) -
Oodinychus ovalis C.L. 
